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Our data have shown defective j3-adrenergic secretory responses in cystic fibrosis (CF) submandibular acinar cells 11 I. T h e defect is beyond the site of cyclic A M P formation and results sugcsted that the disturbance was caused by an alteration in the biological activity of calmodulin [ 1, 21. In investigating this hypothesis, we have shown defective phosphorylation of a 6 1 kDa molecular mass calmodulin-binding protein in CF submandibular glands 13). T h e identity o f the altered protein is unknown; however, the 61 kDa band in calmodulin-binding protein preparations from control and CF submandibular glands cross-reacts with an antiserum raised against human platelet calcineurin 13). T h e altered phosphoprotein in CF submandibular glands can be phosphorylated by cyclic A M P -dependent protein kinase and protein kinase C. although differences in enzyme activity cannot explain the differences in phosphorylation observed between control and CF glands.
The aim o f the present report was t o investigate whether phosphorylation of a purified calcincurin preparation alters its phosphatase activity.
Calcineurin (bovine brain, Sigma) was either assayed directly as below (enzyme not subjected to phosphorylation) or was phosphorylatcd in Tris buffer at pH 7.0 containing MgCI, ( 5 mM) and EGTA ( 1 mM) for 5 min at 30°C in the presence of ATP ( 1 0 p~) and the catalytic subunit o f cyclic AMP-dependent protein kinase ( 3 0 pg/ml; Sigma) before assay. Phosphatase activity was determined by incubating calcineurin (0.2 p g ) in Tris buffer, pH 8.6. in a final volume o f I ml with 0.4 mM-methyl umbelliferyl phosphate (4-MUP) for 90 min at 30°C. T h e reaction was stopped using excess phosphate and the product formed (+MU) was measured fluorimctrically. Table I shows that the phosphatase activity o f calcincurin is calmodulin dependent. Phosphorylation o f calcineurin by cyclic AMP-dependent protein kinasc resulted in an increased phosphatase activity both in the presence and absence o f calmodulin. The data indicate that the phosphorylation state of calcineurin determines its phosphatase Ahhreviations used: CF. cystic fihrosis; 4-MUP. 4-methyl umhellileryl phosphate. 
Methods
A novel collecting device was used t o obtain submandibular saliva from six control (aged 22-31 years) and five CF (aged 20-28 years) individuals (41. A disclosing tablet placed in the mouth during collection ensured the absence o f contamination from the parotid glands. After a 30 min period o f BIOCHEMICAL SOCIETY TRANSACTIONS collection under resting (unstimulated) conditions, a vitamin C solution (10 mg/ml) was applied to the tongue tip at 30 s intervals and saliva production was timed. Samples were centrifuged for 30 s at 12 300 g in a Microfuge, the supernatants were immediately frozen and stored at -70°C before analysis.
Electrolyte concentrations were determined as follows: Na+ via ion-selective electrodes (Beckman Electrolyte 2 Analyzer); CI -by thiosulphate titration (Corning 925 Chloride Analyzer) and HC0,-colorimetrically, using phenolphthalein as indicator (Technicon SMAC I1 system).
Results
Vitamin C solution maintained a constant stimulus with only slight variation in flow rate; no correlation of rate with age or sex was evident (data not shown). As shown in Table  I , vitamin C increased the flow rate to the same extent in control and C F individuals (/'< 0.001 and P < 0.02, respectively, for differences from resting). However, C F individuals gave flow rates significantly lower than controls under both resting and stimulated conditions.
Stimulation with vitamin C increased the Naf concentration of control saliva, but no effect on C F saliva was observed. Similarly, the HCO, -concentration was increased on stimulation in control but not C F individuals. Resting levels of H C 0 , -were significantly lower and resting levels of CI significantly higher in C F saliva than controls.
Discussion
The data show abnormalities in the electrolyte content of CF submandibular saliva which are consistent with the anion transport defect observed in C F cells in vitro [3] . Thus, the increased CI-and decreased H C 0 , -levels observed in C F We thank the Wellcome Trust for financial wpport. The main stimulus of mucin secretion from rat submandibular acini is P-adrenergic [ l ] . Although cyclic AMP is the most likely second messenger involved, our studies have shown dissociation between cyclic AMP increase and mucin secretion during incorporation of cyclic AMP phosphodiesterase into intact acini [2] . In addition, P-adrenergic stimulation is partially dependent on extracellular Ca?+ [ 11 suggesting a modulatory role for Ca" in regulating secretion. Results, however, showed that increases in intracellular free Ca" induced by the bivalent cation ionophore A23 187 did not trigger mucin secretion [3] .
The present study was designed to directly investigate whether carbamylcholine stimulation of mucin secretion from rat submandibular acini is mediated by a rise in intracellular Ca'+ concentration. Thus, the actions of the Ca2+ chelator 1,2-bis( 2-aminophenoxy)ethane-N, N, N', "-tetraacetic acid (Sigma) (BAPTA) incorporated into intact acini by hypotonic swelling, on carbamylcholine stimulation of mucin secretion were examined.
Rat submandibular acini were prepared and mucins labelled with [3H]glucosamine as described [2] . Hypotonic swelling was carried out for 1 min at room temperature in Abbreviation used: BAPTA, I ,2-bi\( 2-aminophenoxy)ethane N , N, N', N'-tetra-acetic acid.
medium of approximately half-isotonicity [ 2 I. Where acini were swollen in the presence of BAPTA (Swollen acini + BAPTA), BAPTA was added at a concentration of 10 mM during the swelling procedure. After swelling, acini were resuspended in isotonic medium, washed and incubated for 15 min in Krebs-Henseleit buffer, pH 7.4, containing 0.01% (w/v) trypsin inhibitor and 2% (w/v) bovine serum albumin. They were then incubated in the presence or absence of carbamylcholine (carbachol) (10 L(M) for 30 min. Mucin secretion was determined by measuring trichloro- Control acini (unswollen) or acini which had previously been subjected to hypotonic swelling in the prescncc o r abscncc of BAPTA (swollen acini) were incubated with or without carbachol ( 1 0 ,UM) for 30 min and mucin secretion was measured as described in the text. Results are expressed as a percentage of the basal secretion from similarly treated acini (no. of observations in parentheses). */'< 0.0 1 for difference from acini swollen in the absence of BAPTA, by Student's t-test.
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